Abstract. We compute the Frobenius trace functions of mirabolic character sheaves defined over a finite field. The answer is given in terms of the character values of general linear groups over the finite field, and the structure constants of multiplication in the mirabolic Hall-Littlewood basis of symmetric functions, introduced by Shoji.
1. Introduction
1.1.
This note is a sequel to [14] . We make a free use of notations and results thereof. Our goal is to study the mirabolic character sheaves introduced in [3] . According to Lusztig's results, the unipotent character sheaves on GL N are numbered by the set of partitions of N . For such a partition λ we denote by F λ the corresponding character sheaf. If the base field is k = F q , the Frobenius trace function of a character sheaf F λ on a unipotent class of type µ is q n(µ) K λ,µ (q −1 ) where K λ,µ is the Kostka-Foulkes polynomial, and n(µ) = i≥1 (i − 1)µ i , see [5] .
Let V = k N , so that GL N = GL(V ). For a pair of partitions (λ, µ) such that |λ| + |µ| = N the corresponding unipotent mirabolic character sheaf F λ,µ on GL(V )× V was constructed in [3] . On the other hand, the GL N -orbits in the product of the unipotent cone and V are also numbered by the set of pairs of partitions (λ ′ , µ ′ ) such that |λ ′ | + |µ ′ | = N (see [14] ). In Theorem 2 we compute the Frobenius trace function of a mirabolic character sheaf F λ,µ on an orbit corresponding to (λ ′ , µ ′ ). The answer is given in terms of certain polynomials Π (λ ′ ,µ ′ )(λ,µ) , the mirabolic analogues of the Kostka-Foulkes polynomials introduced in [12] . More generally, in 5.4 we compute the Frobenius trace functions (on any orbit) of a wide class of Weil mirabolic character sheaves. These trace functions form a basis in the space of GL N (F q )-invariant functions on GL N (F q ) × F N q , and we conjecture that the above class of sheaves exhausts all the irreducible G m -equivariant Weil mirabolic character sheaves. This would give a positive answer to a question of G. Lusztig. Recall that the Kostka-Foulkes polynomials are the matrix coefficients of the transition matrix from the Hall-Littlewood basis to the Schur basis of the ring Λ of symmetric functions. Similarly, the polynomials Π (λ ′ ,µ ′ )(λ,µ) are the matrix coefficients of the transition matrix from a certain mirabolic Hall-Littlewood basis of Λ ⊗ Λ (introduced in [12] ) to the Schur basis, see 4.2. Recall that Λ is isomorphic to the Hall algebra [8] whose natural basis goes to the basis of Hall-Littlewood polynomials. Similarly, Λ ⊗ Λ is naturally isomorphic to a certain mirabolic Hall bimodule over the Hall algebra, and then the natural basis of this bimodule goes to the mirabolic Hall-Littlewood basis, see section 4. The structure constants of this basis, together with Green's formula for the characters of GL N (F q ), enter the computation of the Frobenius traces of the previous paragraph.
The Hall algebra is also closely related to the spherical Hecke algebra H sph of GL N (the convolution algebra of the affine Grassmannian of GL N ). Similarly, the mirabolic Hall bimodule is closely related to a certain spherical mirabolic bimodule over H sph , defined in terms of convolution of the affine Grassmannian and the mirabolic affine Grassmannian, see section 3. The geometry of the mirabolic affine Grassmannian is a particular case of the geometry of the mirabolic affine flag variety studied in section 2. Both geometries are (mildly) semiinfinite.
Thus all the results of this note are consequences of a single guiding principle which may be loosely stated as follows: the mirabolic substances form a bimodule over the classical ones; this bimodule is usually free of rank one.
However, the affine mirabolic bimodule R aff over the affine Hecke algebra H aff is not free (see Remark 1) . Recall that H aff can be realized in the equivariant K-homology of the Steinberg variety. It would be very interesting to find a similar realization of R aff . Finally let us mention that the results of this note are very closely related to the results of [1] , though our motivations are rather different. The authors of [1] were primarily interested in the geometry of enhanced nilpotent cone. They proved the parity vanishing of the IC stalks of the orbit closures in the enhanced nilpotent cone, and identified the generating functions of these stalks with Shoji's type-B Kostka polynomials. Since the Schubert varieties in the mirabolic affine Grassmannian are equisingular to the orbit closures in the enhanced nilpotent cone (see 3.7, 3.8) , the appearance of Shoji's polynomials in the spherical mirabolic bimodule and in the mirabolic Hall bimodule is an immediate corollary of [1] .
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Mirabolic affine flags
We fix a flag F • ∈ Fl(V ), and its stabilizer Borel subgroup B ⊂ G; it gives rise to an Iwahori subgroup I ⊂ G O .
The affine flag variety Fl = G F /I. We set V = F ⊗ k V , and
It is well known that the G F -orbits in Fl×Fl are numbered by the affine Weyl group S aff N formed by all the permutations w of Z such that w(i + N ) = w(i) + N for any i ∈ Z (periodic permutations). Namely, for a basis {e 1 , . . . , e N } of V we set e i+N j := t −j e i , i ∈ {1, . . . , N }, j ∈ Z; then the following pair (
(it is understood that e k , e k−1 , e k−2 , . . . is a topological basis of F 1 k ). Following [14] , Lemma 2, we define RB aff as the set of pairs (w, β) where w ∈ S aff N , and β ⊂ Z such that if i ∈ Z − β, and j ∈ β, then either i > j or w(i) > w(j); moreover, any i ≪ 0 lies in β, and any j ≫ 0 lies in Z − β.
G F -orbits in
The following proposition is an affine version of [10] 2.11.
Proposition 1.
There is a one-to-one correspondence between the set of G F -orbits
Proof. The argument is entirely similar to the proof of Lemma 2 of [14] . It is left to the reader. We only mention that a representative of an orbit corresponding to (w, β) is given by (
• ) are as in (1), and v = k∈β e k (note that this infinite sum makes sense in V).
The mirabolic bimodule over the affine Hecke algebra
Let k = F q , a finite field with q elements. Then the affine Hecke algebra of G is the endomorphism algebra of the induced module H aff := End GF (Ind GF I Z). It has the standard basis {T w , w ∈ S aff N }, and the structure constants are polynomial in q, so we may and will view H aff as the specialization under q → q of a Z[q,
Z) coincides with the convolution ring of G F -invariant functions on Fl × Fl.
It acts by the right and left convolution on the bimodule R aff of G F -invariant V. These anti-automorphisms send T w to T w −1 and Tw to Tw−1 wherew −1 = (w −1 , w(β)) forw = (w, β).
We are going to describe the right action of H aff on the bimodule R aff in the basis {Tw,w ∈ RB aff } (and then the formulas for the left action would follow via the above anti-automorphisms). To this end recall that H aff is generated by T s1 , . . . , T sN , T ±1 τ where T si is the characteristic function of the orbit formed by the pairs (
is the shift ofw by ±1. The following proposition is an affine version of Proposition 2 of [14] , and the proof is straightforward.
Let σ = σ(w) and σ ′ = σ(ws) be given by the formula (6) of [14] . Then where ι = {i, i + 1}.
Modified bases
The formulas (2) being polynomial in q, we may (and will) view the H aff -bimodule R aff as the specialization under q → q of the Z[q,
We consider a new variable v, v 2 = q, and extend the scalars to
Recall the basis {H w := (−v) −ℓ(w) T w } of H aff (see e.g. [13] ), and the Kazhdan-Lusztig basis {H w } (loc. cit.); in particular, for be given by the formula (6) of [14] . Then
Hw where ι = {i, i + 1}.
Generators
We consider the elementsw i,j = (τ j , β i ) ∈ RB aff such that w = τ j (the shift by j), and β i = {i, i − 1, i − 2, . . .}, for any i, j ∈ Z. The following lemma is proved exactly as Corollary 2 of [14] . Lemma 1. R aff is generated by {w i,j , i, j ∈ Z} as a H aff -bimodule. 
Then it follows from the main theorem of [2] 
Geometric interpretation It is well known that H
aff is the Grothendieck ring (with respect to convolution) of the derived constructible I-equivariant category of Tate Weil Q l -sheaves on Fl, and multiplication by v corresponds to the twist by Q l (− 2 ) from this orbit. We will interpret R aff in a similar vein, as the Grothendieck group of the derived constructible I-equivariant category of
To be more precise, we view V as an indscheme (of ind-infinite type), the union of schemes (of infinite type)
Here V i is the projective limit of the finite dimensional affine spaces V i /V j , j < i. Note that I acts on V i linearly (over k), and it acts on any quotient V i /V j through a finite dimensional quotient group. Thus we have the derived constructible I-equivariant
and we denote by
, and we denote by
Clearly, D I (Fl) acts by convolution both on the left and on the right on
The I-orbits in Fl × Proposition 4. For anyw ∈ RB aff , the Goresky-MacPherson sheaf
2 ) is Tate. Proof. Repeats word for word the proof of Proposition 4 of [14] . For the base of induction, we use the fact that the orbit closureΩw i,j (see 2.5) is smooth. For the induction step we use the Demazure type resolutions as in loc. cit. 
The completed bimoduleR
Recall that I is the stabilizer of the flag F 2 )] to Hw.
Bruhat order
Following Ehresmann and Magyar (see [9] ) we will define a partial orderw
, and r jk (w ′′ ) ≥ r jk (w ′ ) for all j, k ∈ Z. The following proposition is proved similarly to the Rank Theorem 2.2 of [9] .
the orbit Ωw′′ lies in the orbit closureΩw′ if w ′′ ≤w ′ .
Duality and the Kazhdan-Lusztig basis ofR aff
Recall that the Grothendieck-Verdier duality on Fl induces the involution (denoted by h → h) of H aff which takes v to v −1 andH w toH w . We will describe the involution onR aff induced by the Grothendieck-Verdier duality on Fl ×
• V. Recall the elementsw i,j introduced in 2.5. We setHw i,j := k≤i (−v) k−i Hw k,j . This is the class of the selfdual (geometrically constant) IC sheaf on the closure of the orbit Ωw i,j . The following proposition is proved exactly as Proposition 5 of [14] .
Proposition 6. a) There exists a unique involution r → r onR aff such thatHw i,j = Hw i,j for any i, j ∈ Z, and hr = hr, and rh = rh for any h ∈ H aff and r ∈R aff . b) The involution in a) is induced by the Grothendieck-Verdier duality on
The following proposition is proved exactly as Proposition 6 of [14] .
Proposition 7. a) For eachw ∈ RB
aff there exists a unique elementHw ∈R aff such thatHw =Hw, andHw ∈ Hw
b) For eachw ∈ RB aff the elementHw is the class of the selfdual I-equivariant IC-sheaf with supportΩw. In particular, forw =w i,j , the element Hw i,j is consistent with the notation introduced before Proposition 6.
We conjecture that the sheaves
2 ) are pointwise pure. The parity vanishing of their stalks, and the positivity properties of the coefficients of the transition matrix from {Hw} to {Hw} would follow.
3. Mirabolic affine Grassmannian 3.1. G F -orbits in Gr × Gr × P We consider the spherical counterpart of the objects of the previous section. To begin with, recall that the G F -orbits in Gr × Gr are numbered by the set S sph N formed by all the nonincreasing N -tuples of integers ν = (
We define
There is a one-to-one correspondence between the set of G F -orbits in Gr × Gr × • V (equivalently, in Gr × Gr × P) and RB sph .
Proof. The argument is entirely similar to the proof of Proposition 1. We only mention that a representative of an orbit O (λ,µ) corresponding to (λ, µ)
Proposition 9. There is a one-to-one correspondence between the set of G F -orbits in Gr×Fl×
• V (equivalently, in Gr×Fl×P) and the set of pairs of integer sequences
The spherical mirabolic bimodule
Let k = F q . Then the spherical affine Hecke H sph algebra of G is the endomorphism algebra of the induced module End GF (Ind GF GO Z). It coincides with the convolution ring of G F -invariant functions on Gr × Gr. It has the standard basis {U ν , ν ∈ S sph N } of characteristic functions of G F -orbits in Gr × Gr, and the structure constants are polynomial in q (Hall polynomials), so we may and will view H sph = End GF (Ind
The algebra H sph acts by the right and left convolution on the bimodule
stand for the characteristic function of the corresponding orbit in Gr × Gr ×
• V. We are going to describe the right and left action of H sph on the bimodule in the basis {U (λ,µ) , (λ, µ) ∈ RB sph }. To this end recall that H sph is a commutative algebra freely generated by U (1,0,...,0) , U (1,1,0,...,0) , . . . , U (1,1,...,1,0) , and U ±1 where U ±1 is the characteristic function of the orbit of (L 1 , t ∓1 L 1 ). We will denote ν = (1, . . . , 1, 0, . . . , 0) (r 1's and N − r 0's) by (1 r ). Note that the assignment
. We will denote the corresponding automorphism of the bimodule R sph by φ i,j as well:
Structure constants
In this subsection we will compute the structure constants G (λ,µ)
(1 r )(λ ′ ,µ ′ ) U (λ,µ) (see Proposition 10 below). Due to the existence of the automorphisms φ i,j of R sph , it suffices to compute G
In this case λ, µ necessarily lie in N N as well, that is, all the four λ ′ , µ ′ , λ, µ are partitions (with N parts). We have λ = (λ 1 , . . . , λ N ); we may and will assume that λ 1 > 0. We set n := |λ| + |µ|, and let D = k n . We fix a nilpotent endomorphism u of D, and a vector v ∈ D such that the type of GL(D)-orbit of the pair (u, v) is (λ, µ) (see [14] , Theorem 1). By the definition of the structure constants in the spherical mirabolic bimodule, G u) . We consider the pair of partitions (ν, θ) = Υ(λ, µ) (notations introduced before Corollary 1 of [14] ), so that ν = λ + µ is the Jordan type of u. We consider the dual partitionsν,θ. We consider the following flag of subspaces of Ker(u):
It is (an incomplete, in general) flag of intersections of Ker(u) with the images of u, u 2 , u 3 , . . .. More precisely, for any k = 0, 1, . . . , ν 1 we have
; namely, we choose the maximal i such that λ i = λ 1 , and
Let Q ⊂ GL(Ker(u)) be the stabilizer of the flag F • , a parabolic subgroup of GL(Ker(u)); and let Q ′ ⊂ Q be the stabilizer of the vector u λ1−1 v. Both Q and Q ′ have finitely many orbits in the Grassmannian Gr of r-dimensional subspaces in Ker(u). The orbits of Q are numbered by the compositions ρ = (ρ 1 , . . . , ρ ν1 ) such that |ρ| = r, and 0 ≤ ρ k ≤ν k −ν k+1 . Namely, W ∈ Gr lies in the orbit
If we extend the flag F • to a complete flag in Ker(u), then the stabilizer of the extended flag is a Borel subgroup B ⊂ Q. The orbit O ρ is a union of certain Borbits in Gr, that is Schubert cells. So the cardinality of O ρ is a sum of powers of q given by the well known formula for the dimension of the Schubert cells (see e.g. Appendix to Chapter II of [8] ). We will denote this cardinality by P ρ . Note that the Jordan type of u| D/W for W ∈ O ρ is ν ′ := ρ(ν) where ρ(ν) is defined as the partition dual toν
, and θ ′ is defined as the partition dual toθ
It remains to find the cardinality P ρ,j of O ρ,j . Let us denote
. Now we can count the set of pairs (W, v ′ ) in a relative position (ρ, j) with respect to F • in two ways. First all v ′ in F k0 \ F k0+1 (qν k 0 +1 − qν k 0 +2 choices altogether), and then for each v ′ all W in O ρ,j (P ρ,j choices altogether). Second, all W in O ρ (P ρ choices altogether), and then for each W all v ′ in A (P A choices altogether). We find
Note that P ρ,j is a polynomial in q. We conclude that this polynomial computes the desired structure constant
where (λ ′ , µ ′ ) = Ξ(ν ′ , θ ′ ) (notations introduced before Corollary 1 of [14] ), and (ν ′ , θ ′ ) = (ρ, j)(ν, θ) where as before we have (ν, θ) = Υ(λ, µ).
Clearly, for any i, j ≥ 0 we have
Also, we set
Thus we have proved the following proposition (the second statement is equivalent to the first one via the antiautomorphism ̺).
Proposition 10. Let (λ ′ , µ ′ ) ∈ RB sph , and 1 ≤ r ≤ N − 1. Then
, and
Modified bases and generators
The formulas (8) being polynomial in q, we may and will view the H sph -bimodule −ℓ(λ,µ) U (λ,µ) of R sph . We consider the elements (i N , j N ) = ((i, . . . , i), (j, . . . , j)) ∈ RB sph for any i, j ∈ Z. The following lemma is proved the same way as Lemma 1.
Lemma 2. R
sph is generated by {H (i N ,j N ) , i, j ∈ Z} as an H sph -bimodule.
Geometric interpretation and the completed bimoduleR sph
Following the pattern of subsection 2.6 we define the category D GO (Gr × Proposition 11. For any (λ, µ) ∈ RB sph , the Goresky-MacPherson sheaf
2 ) is Tate.
We also have the full subcategories of Tate sheaves D 
2 )] to H (λ,µ) .
Bruhat order, duality and the Kazhdan-Lusztig basis
Following Achar and Henderson [1] , we define a partial order (λ, µ)
The following proposition is due to Achar and Henderson (Theorem 3.9 of [1] ) :
Now we will describe the involution onR sph induced by the Grothendieck-
. This is the class of the selfdual (geometrically constant) IC sheaf on the closure of the orbit Ω (i N ,j N ) . The following propositions are proved exactly as Propositions 6 and 7:
Proposition 13. a) There exists a unique involution r → r onR sph such that
for any i, j ∈ Z, and hr = hr, and rh = rh for any h ∈ H sph and r ∈R sph . b) The involution in a) is induced by the Grothendieck-Verdier duality on
sph there exists a unique
is consistent with the notation introduced before Proposition 13.
We will writeH
The coefficients Π (λ ′ ,µ ′ ),(λ,µ) are polynomials in v −1 . As we will see in subsection 4.2 below, they coincide with a generalization of Kostka-Foulkes polynomials introduced by Shoji in [12] .
We define a sub-bimoduleR sph ⊂R sph generated (not topologically) by the setH (λ,µ) , (λ, µ) ∈ RB sph . It turns out to be a free H sph -bimodule of rank one:
The proof will be given in subsection 3.9 after we introduce the necessary ingredients in 3.7 and 3.8.
Lusztig's construction
Following Lusztig (see [5] , section 2) we will prove that the G-orbit closures in N×V According to loc. cit. Y 0 is isomorphic to N × V , the isomorphism sending (u, v) to
] ⊗ V (together with the action of t), and the assignment ( , v), e(u, v) ).
There is an open subset W ⊂ k[[t]]⊗ V with the property that for any w ∈ W, and any (u, v) ∈ (N×V ) (λ,µ) (a G-orbit, see [14] , Theorem 1), we have µ) is an open embedding. Also, the embedding W × (N × V ) (λ,µ) ֒→Ω (λ,µ) of the orbit closures is an open embedding as well. Hence the Frobenius action on the IC stalks of (N × V ) (λ,µ) is encoded in the polynomials Π (λ ′ ,µ ′ ),(λ,µ) introduced after Proposition 14.
Mirković-Vybornov construction
The G O -orbits Ω (λ,µ) ⊂ Gr × • V considered in subsection 3.7 are rather special: all the components λ k , µ k are nonnegative integers, and
To relate the singularities of more general orbit closuresΩ (λ ′ ,µ ′ ) to the singularities of orbits in the enhanced nilpotent cones (for different groups GL n , n = N ) we need a certain generalization of Lusztig's construction, due to Mirković and Vybornov [11] .
To begin with, note that the assignment
. Thus we may restrict ourselves to the study of orbits Ω (λ,µ) with λ, µ ∈ N N without restricting generality. Geometrically, this means to study the pairs (
We consider an n-dimensional k-vector space D with a basis {e k,i , 1 ≤ k ≤ r, 1 ≤ i ≤ N } and a nilpotent endomorphism x : e k,i → e k−1,i , e 1,i → 0. The Mirković-Vybornov transversal slice is defined as
It lies in the orbit closure Gr (n,0,...,0) , and we will describe an open neighbourhood U of L 2 in Gr (n,0,...,0) isomorphic to
with D (so that the action of t corresponds to the action of x). Furthermore, we identify t
Hence we may view g as a sum
linear maps. Composing with t
−r V ֒→ D we may view g k as an endomorphism of D. Then L being a lattice is equivalent to the condition: g k = g 1 (t + g 1 ) k−1 and t + g 1 is nilpotent. In other words, the desired isomorphism T x ∩ N n ∼ −→U is of the form:
Now we identify D with t
Given a vector v ∈ D we consider its image v ∈ L 2 under the above embedding, and define e(x + f, v) ∈ L(x+f ) as the preimage of v under the isomorphism L ∼ −→L 2 (projection along L 2 ). Thus we have constructed an embedding ψ : (T x ∩N n )×D ֒→ Gr×V, (x+f, v) → L(x + f ), e(x + f, v). Note that the Jordan type of any nilpotent x + f is given by a partition ν with the number of parts less than or equal to N . There is an open subset W ⊂ k [[t] ] ⊗ V with the property that for any w ∈ W, and any We conclude that the orbit closuresΩ (λ,µ) with
µ k divisible by N are equisingular to certain GL n -orbit closures in N n × D for some n divisible by N .
Semismallness of convolution
We are ready for the proof of Theorem 1. Let us denote the self-dual GoreskyMacPherson sheaf on the orbit Gr λ (whose class is C λ ) by IC λ for short. Then the convolution power IC * l (1,0,...,0) is isomorphic to ⊕ |λ|=l K λ ⊗ IC λ for certain vector spaces K λ (equal to the multiplicities of irreducible GL N -modules in V ⊗l ). We stress that K λ is concentrated in degree 0, that is convolution morphism is stratified semismall. Thus it suffices to prove
Moreover, it suffices to prove (10) for m, l divisible by N . In effect, this would imply that the convolution morphism Gr * l
V is stratified semismall for any m, l ≥ 0. Indeed, if the direct image of the constant IC sheaf under the above morphism involved some summands with nontrivial shifts in the derived category, the further convolution with IC (1,0,...,0) could not possibly kill the nontrivially shifted summands (due to self-duality and decomposition theorem), and so they would persist for some bigger m, l divisible by N .
Having established the semismallness for arbitrary m, l ≥ 0, we see that the semisimple abelian category formed by direct sums of IC (λ,µ) , (λ, µ) ∈ RB sph is a bimodule category over the tensor category formed by direct sums of IC λ , λ ∈ S sph N (equivalent by Satake isomorphism to Rep(GL N )). To specify such a bimodule category it suffices to specify the left and right action of the generator IC (1,0,...,0) , and there is only one action satisfying (10) with m, l divisible by N : it necessarily satisfies (10) for any m, l.
We set n = m + l. The advantage of having n divisible by N is that according to 3.8, the (open part of the) orbit closure is equisingular to certain slice of the GL n -orbit closure in N n × D. To describe the convolution diagram in terms of GL n we need to recall a Springer type construction of [3] 
where L µ (resp. L λ ) is the irreducible representation of S m (resp. S n−m ) corresponding to the partition µ (resp. λ); furthermore, IC (λ,µ) is the IC sheaf of the GL n -orbit closure (N n × D) (λ,µ) (cf. Theorem 4.5 of [1] ). Recall the nilpotent element x ∈ N m introduced in 3.8, and the slice T x ∩ N n . We will denote π 
Since L λ = K λ by Schur-Weyl duality, the proof of the theorem is finished. We define the Mirabolic Hall bimodule Mall over Hall to have a Z-basis {u (λ,µ) , (λ, µ) ∈ + RB sph } and the structure constants
The Mirabolic Hall bimodule
The structure constants G 
. We define c (λ,µ) ∈ Maℓℓ as the element corresponding to + C (λ,µ) under the above identification.
Theorem 1 admits the following corollary: 
for certain irreducible perverse mirabolic character sheaves F λ,µ on GL n ×D.
The semisimple abelian category of character sheaves on GL(D) will be denoted C(GL(D)). Proposition 16. Let G ∈ C(GL(V )), and G ′ ∈ C(GL(W )) be irreducible character sheaves. Then G * Q l * G ′ is irreducible.
Left and right induction
trace function of an irreducible Weil character sheaf S η on GL m . Due to Proposition 16, for |η| + |η ′ | = n, the function S η ′ π (0,0) S η is the Frobenius trace function of an irreducible G m -equivariant Weil mirabolic character sheaf S η ′ * Q l * S η on GL(D)×D, dim(D) = n. We know that the set of functions {S η ′ π (0,0) S η } forms a basis of the mirabolic Green bimodule MA. Hence, if Conjecture 1 holds true, then the set of Frobenius trace functions of irreducible G m -equivariant Weil mirabolic character sheaves forms a basis of MA. This would be a positive answer to a question of G. Lusztig.
